Enhanced toxicity of purine nucleoside analogs in cells expressing Drosophila melanogaster nucleoside kinase mutants.
The multisubstrate deoxyribonucleoside kinase of Drosophila melanogaster (Dm-dNK) is investigated for possible use as a suicide gene in combined gene/chemotherapy of cancer. The enzyme has broader substrate specificity and higher catalytic rate compared to herpes simplex type 1 thymidine kinase and other known dNKs. Although the enzyme has broad substrate specificity, it has a preference for pyrimidine nucleosides and nucleoside analogs. We have evaluated the substrate specificity and kinetic properties of Dm-dNK proteins containing M88R, V84A+M88R or V84A+M88R+A110D mutations in the amino-acid sequence. These engineered enzymes showed a relative increase in phosphorylation of purine nucleoside analogs such as ganciclovir, 9-beta-D-arabinofuranosylguanine and 2',2'-difluorodeoxyguanosine compared to the wild-type enzyme. The mutant enzymes were expressed in an osteosarcoma thymidine kinase-deficient cell line and the sensitivity of the cell line to nucleoside analogs was determined. The cells expressing the M88R mutant enzyme showed the highest increased sensitivity to purine nucleoside analogs with 8- to 80-fold decreased inhibition constant IC(50) compared to untransduced control cells or cells expressing the wild-type nucleoside kinase. In summary, our data show that enzyme engineering can be used to shift the substrate specificity of the Dm-dNK to selectively increase the sensitivity of cells expressing the enzyme to purine nucleoside analogs.